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(57) Abstract 



A system and method for reducing the interference experienced by sensitive electronic devices, such as hearing aids, operative in the 
vicinity of CDMA user communication devices (10). A transmitter (56) of the communications device (10) is configured to transmit signal 
power substantially continuously at a full rate power level irrespective of the variable data rate at which the transmitter (56) would otherwise 
be operative. In a first embodiment, a variable rate vocoder (16) within the transmitter is directed to perform full-rate vocoding, irrespective 
of an instantaneous level of user speech. In a second embodiment, a microprocessor (18) builds full-rate frames using repeated versions of 
code symbols generated by the vocoder (16). In a third embodiment, the microprocessor (18) builds full rate frames by generating signaling 
bits of a predetermined pattern to pad otherwise non-full frames. 
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WO 97/41653 PCT/US97/07174 

SYSTEM AND METHOD FOR REDUCING AM-INTERFERENCE GENERATED BY A CDMA 
COMMUNICATIONS DEVICE 

BACKGROUND OF THE INVENTION 

5 

I. Field of the Invention 

The present invention relates generally to communications systems 
in which data is transmitted by user communications devices. More 
10 particularly, the present invention is directed to a novel system and method 
for reducing interference generated by a code division multiple access 
(CDMA) communications device. 

II. Description of the Related Art 

15 

The use of variable rate encoding techniques in a code division 
multiple access (CDMA) system provides the ability to reduce the amount of 
information used to represent speech or other data as compared with fixed 
rate encoding techniques. For example, by using variable rate vocoding 

20 techniques fewer bits of information may be transmitted when speech levels 
are low. In a CDMA communication system as described in the 
Telecommunications Industry Association (TIA) /Electronic Industries 
Association (EIA) Interim Standard IS-95A entitled "Mobile Station - Base 
Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum 

25 Cellular System ", variable rate encoded speech or data is transmitted by the 
communication unit using frames of a fixed time duration. For data rates 
which are less than the maximum rate, the extra space available in the 
frame may carry signaling bits, if available, or secondary traffic bits if the 
communication unit is utilizing, for example, simultaneous voice and data 

30 service options. However, if there are not enough bits between primary 
traffic and signaling or secondary traffic to fill up an entire frame, the 
remaining blank space in the frame may be distributed among the 
transmitted bits in a pseudo-random manner, resulting in "bursts" of data 
being transmitted intermittently throughout the frame. During this blank 

35 space, the transmitter is gated off. 

Alternatively, for low rate encoded speech or other data, the 
information bits may be repeated as necessary to fill the frame instead of 
turning off the transmitter. In such a case, the power of the transmitter is 
nonetheless typically reduced to conserve battery life and system capacity, 
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since the data redundancy in the frame allows a satisfactory probability of 
successful reception at a lower signal to noise ratio. 

As can be seen, the use of variable rate transmission techniques leads 
to significant variation in the transmit power level of the CDMA 
transmitter during each frame. The variation in power level may be a mere 
reduction in the case of repeated bits, or turning off in the case of pseudo- 
random burst distribution throughout the frame. This variation of the 
subscriber station's transmit power produces a transmitted signal which is 
capable of interfering with the operation of nearby electronic equipment 
Because this variation modulates the amplitude of the RF energy 
transmitted, interference which is caused by such transmit power variation 
is referred to herein as "amplitude modulation interference/' or simply 
AM interference." It has been found that many electronic devices, such as 
hearing aids, tend to act as AM detectors, leading to interference being 
incurred during operation in the presence of transmitters which vary the 
amplitude of the transmitted signal. 

Accordingly, what is needed is a transmission scheme for a CDMA 
communication system which minimizes the potential for interference 
with electronic devices. 

SUMMARY OF THE INVENTION 

The present invention is directed to a system and method for 
reducing the interference experienced by sensitive electronic devices, such as 
hearing aids, operative in the vicinity of CDMA user communication 
devices. As mentioned previously, in CDMA communication systems the 
transmission of data at variable rates may yield a certain level of AM 
interference. The various embodiments of the present invention are 
designed to substantially reduce or eliminate such interference. The present 
invention is particularly suitable for implementation in a CDMA 
communication system, such as cellular, mobile, wireless local loop, PCS 
and satellite applications, in which system users nominally transmit data at 
variable rates. 

In the present invention, a reduced interference mode signal is 
provided to the controller of a CDMA communication device associated 
with an authorized hearing-impaired user. Such authorization will typically 
be extended to, for example, hearing-impaired users equipped with an 
electronic hearing aid or the like. In response to the reduced interference 
mode signal, a transmitter of the communications device is configured to 
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transmit RF energy at a full-rate power level substantially continuously 
irrespective of the variable data rate at which the transmitter would 
otherwise be operative due either to the instantaneous level of user speech 
activity or to the data rate of non-voice data being provided to the 
transmitter. 

The CDMA communication device may be configured for 
substantially continuous transmission in response to the constant 
transmission mode signal in many different ways. In a first embodiment of 
the present invention applicable to variable rate encoded speech, a variable 
rate vocoder within the transmitter is directed to encode voice data at a full- 
rate irrespective of the instantaneous level of user speech activity By 
performing continuous full-rate vocoding, the variable rate vocoder 
generates sufficient bits to fill each frame, resulting in the continuous 
transmission of full-rate frames. By continuously transmitting full-rate 
frames, the communication device avoids the generation of the AM 
interference normally associated with the transmission of variable rate 
vocoded speech. 

In a second embodiment of the present invention applicable to both 
variable rate encoded speech and non-speech data, a controller within the 
transmitter generates only full frames. When non-full rate data is provided 
to the controller, it generates full frames consisting of repeated versions of 
the non-full rate data. However, each of the frames containing repeated data 
is transmitted at a full rate power level. The transmit power level is not 
reduced in response to the amount of data redundancy in the frame By 
continuously transmitting full frames at a full rate power level the 
communication device avoids the generation of the AM interference 
normally associated with the transmission of variable rate vocoded speech 
and non-vocoded data: 

In a third embodiment of the present invention applicable to both 
variable rate encoded speech and non-speech data, a controller in the 
communication device builds only full-rate frames of data for transmission. 
If there are not enough bits to fill the frame between primary traffic, 
signaling and secondary traffic, the controller pads the frame with signaling 
traffic of a unique pattern to fill the full rate frame. In this embodiment, the 
base station recognizes the unique pattern of signaling traffic, and discards it 
upon reception. By continuously transmitting full-rate frames, the 
communication device avoids the generation of the AM interference 
normally associated with the transmission of variable rate vocoded speech 
and non-vocoded data. 
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It should be noted that in each of the above-described embodiments, 
the present invention is not limited to a particular frame length or 
multiplex format. For example, the teachings of the present invention are 
equally applicable to the 14.4 kbps service option multiplex format of ANSI 
5 J-STD-Q08 entitled "Personal Station - Base Station Compatibility 
Requirements for 1.8 to 2.0 Ghz Code Division Multiple Access (CDMA) 
Personal Communications Systems'' as they are to the 9.6 kbps service 
option multiplex format of IS-95A. 

A number of authorization schemes may be instituted as a means of 

10 ensuring that only those CDMA communication units associated with 
selected eligible users (e.g., hearing impaired users) are permitted to engage 
in the type of reduced interference transmission contemplated by the 
invention. For example, only eligible hearing impaired users could be 
allowed to purchase CDMA communication units pre-authorized for 

15 operation in a reduced interference mode. Alternately, eligible hearing 
impaired users could obtain authorization from their cellular service 
provider after purchase of a CDMA communication unit capable of reduced 
interference mode operation. Additionally, reduced interference mode 
operation, once authorized, could be activated either by dataport 

20 programming of the communication device or by over-the-air service 
programming. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The features, objects, and advantages of the present invention will 

become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 

FIG. 1 is a block diagram illustrating an exemplary transmitter portion 
30 of a CDMA transceiver disposed for reduced interference mode operation in 
accordance with the invention; 

FIGs. 2a - 2h are a series of diagrams illustrating frame multiplex 
option formats for the various data rates and types; 

FIG. 3 is a diagram illustrating an exemplary circuit implementation 
35 of the CRC and Tail Bit generator of FIG. 1; 

FIGs. 4a - 4e are a series of flow charts illustrating the process of 
formatting the data frames; 
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FIGs. 5a - 5d illustrate in a series of charts the ordering of code 
symbols in the interleaver array for transmission data rates of 9.6, 4.8, 2.4 
and 1.2 kbps, respectively; 

FIGs. 6a - 6c are a series of charts illustrating the Walsh symbols 
5 corresponding to each encoder symbol group; 

FIG. 7 is a block diagram illustrating the long code generator of FIG. 1; 

FIGs. 8a - 8c are a series of diagrams illustrating long code masks for 
the various channel types; 

FIG. 9 is a graph illustrating the frequency response of the digital 
10 filters of FIG. 1; 

FIGs. 10a - lOd are a series of diagrams illustrating data positioning 
within the frames for the various data rates while FIG. lOe is a diagram 
illustrating the data used in determining data position within the frame; 
and 

15 FIG. 11 is an illustration, in block diagram, of selected portions of a 

communication system capable of operation in the reduced interference 
mode of the present invention. 

20 DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

I. Overview of Exemplary CDMA Transmission System 

Referring now to the drawings, FIG. 1 illustrates an exemplary 

25 embodiment of a transmit portion 10 of a CDMA communication unit 
transceiver. The operation of the CDMA transceiver in accordance with the 
reduced interference modes contemplated by the invention is described 
below in section n. It should be noted that the present invention is 
applicable to CDMA transceivers in non-cellular applications such as 

30 wireless local loop, PCS, and satellite systems. However, for purposes of 
illustration, it will suffice to refer to a cellular mobile station transceiver. 

In a CDMA cellular communication system a forward CDMA channel 
is used to transmit information from a cell base station to the mobile 
station. Conversely, a reverse CDMA channel is used to transmit 

35 information from the mobile station to the cell base station. The 
communication of signals from the mobile station may be characterized in 
the form of an access channel or a traffic channel communication. The 
access channel is used for short signaling messages such as call originations, 
responses to pages, and registrations. The traffic channel is used to 
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communicate (1) primary traffic, typically user speech data, or (2) secondary 
traffic, typicaUy user non-speech data, or (3) signaling traffic, such as 
command and control signals, or (4) a combination of primary traffic and 
secondary traffic or (5) a combination of primary traffic and signaling traffic 

rnM4 Tra v nSmit 1 POrti ° n 10 Gnables data to b * transmitted on the reverse 
CDMA channel at data rates of 9.6 kbps, 4.8 kbps, 2.4 kbps or 1.2 kbps 
Transmissions on the reverse traffic channel may be at any of these data 
rates whde transmissions on the access channel are at the 4.8 kbps data rate 
The transmission duty cycle on the reverse traffic channel will vary with the 
transmission data rate. Specifically, the transmission duty cycle for each rate 
is provided in Table I. As the duty cycle for transmission varies 

r™° n !i 7 "T?* ^ tate ' ^ ^ tranSm issio " rate * «*ed 

at 28,800 cod symbols per second. Since six code symbols are modulated as 

one of 64 Walsh symbols for transmission, the Walsh symbol transmission 
rate shaU be hxed at 4800 Walsh symbols per second which results in a fixed 
Walsh chip rate of 307.2 kcps. 

All data that is transmitted on the reverse CDMA channel is 
convo utional encoded, block interleaved, modulated by 64-ary orthogonal 
modulation, and direct-sequence PN spread prior to transmission. Table I 
further defines the relationships and rates for data and symbols for the 
various transmission rates on the reverse traffic channel. The numerolo K y 
as identical for the access channel except that the transmission rate is fixed at 
4.8 kbps, and the duty cycle is 100%. As described later herein each bit 
transmitted on the reverse CDMA channel is convolutional encoded using 
a rate 1/3 code. Therefore, the code symbol rate is always three times the 
data rate. The rate of the direct-sequence spreading functions shall be fixed 
at 1.2288 Mhz, so that each Walsh chip is spread by precisely four PN chips. 

TABLE I 



Bit Rate (kbps) 


9.6 


4.8 


2.4 


1.2 


PN Chip Rate (Mcps) 


1.2288 


1.2288 


1.2288 


1.2288 


Code Rate (bits/code symbol) 


1/3 


1/3 


1/3 


1/3 


TX Duty Cycle (%) 


100.0 


50.0 


25.0 


12.5 


Code Symbol Rate (sps) 


28800 


28800 


28800 


28800 


Modulation (code symbol/Walsh symbol) 


6 


6 


6 


6 


Walsh Symbol Rate (sps) 


4800 


4800 


4800 


4800 


Walsh Chip Rate (kcps) 


307.20 


307.20 


307.20 


307.20 
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Walsh Symbol (ms) 


208.33 


208.33 


208.33 


208.33 


PN Chips/Code Symbol 


42.67 


42.67 


42.67 


42.67 


PN Chips/Walsh Symbol 


256 


256 


256 


256 


PN Chips/Walsh Chip 


4 ! 


4 


4 


4 



Transmit portion 10, when functioning in a mode in which primary 
trafhc is present, communicates acoustical signals, such as speech and /or 
background noise, as digital signals over the transmission medium To 
facilitate the digital communication of acoustical signals, these signals are 
sampled and digitized by well known techniques. For example in FIG 1 
sound is converted by microphone 12 to an analog signal which is then 
converted to a digital signal by CODEC 14. CODEC 14 typically performs an 
analog to digital conversion process using a standard 8 bit/mlaw format. In 
the alternative, the analog signal may be directly converted to digital form 
m a uniform pulse code modulation (PCM) format. In an exemplary 
embodiment, CODEC 14 uses 8 kHz sampling and provides an output of 8- 
bit samples at the sampling rate, so as to realize a 64 kbps data rate. 

The 8-bit samples are output from CODEC 14 to vocoder 16 where a 
mlaw/uniform code conversion process is performed. In vocoder 16 the 
samples are organized into frames of input data wherein each frame is 
comprised of a predetermined number of samples. In a preferred 
implementation of vocoder 16 each frame is comprised of 160 samples or of 
20 msec, of speech at the 8 kHz sampling rate. It should be understood that 
other sampling rates and frame sizes may be used. Each frame of speech 
samples is variable rate encoded by vocoder 16 with the resultant parameter 
data formatted into a corresponding data packet. The vocoder data packets 
are then output to microprocessor 18 and associated circuitry for 
transmission formatting. Microprocessor 18 generally includes program 
instructions contained with a program instruction memory, a data memory 
and appropriate interface and related circuitry as is known in the art. 

A preferred implementation of vocoder 16 utilizes a form of the Code 
Excited Linear Predictive (CELP) coding techniques so as to provide a 
vanable rate in coded speech data. A Linear Predictive Coder (IPC) analysis 
is performed upon a constant number of samples, and the pitch and 
codebook searches are performed on varying numbers of samples depending 
upon the transmission rate. A variable rate vocoder of this type is described 
m further detail in U.S. Patent No. 5,414,796, entitled "VARIABLE RATE 
VOCODER" and assigned to the assignee of the present invention. Vocoder 
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16 may be implemented in an application specific integrated circuit (ASIC) 
or in a digital signal processor. 

In the variable rate vocoder just mentioned, the speech analysis 
frames are 20 msec, in length, implying that the extracted parameters are 
5 output to microprocessor 18 in a burst 50 times per second. Furthermore the 
rate of data output is varied from roughly 8 kbps to 4 kbps to 2 kbps, and to 1 
kbps. 

At full rate, also referred to as rate 1, data transmission between the 
vocoder 16 and the microprocessor 18 is at an 8.55 kbps rate. For the full rate 

10 data the parameters are encoded for each frame and represented by 160 bits. 
The full rate data frame also includes a parity check of 11 bits thus resulting 
in a full rate frame being comprised of a total of 171 bits. In the full rate data 
frame, the transmission rate between the vocoder 16 and the microprocessor 
18 absent the parity check bits would be 8 kbps. 

15 At half rate, also referred to as rate 1/2, data transmission between the 

vocoder and the microprocessor is at a 4 kbps rate with the parameters 
encoded for each frame using 80 bits. At quarter rate, also referred to as rate 
1/4, data transmission between the vocoder 16 and the microprocessor 18 is 
at a 2 kbps rate with the parameters encoded for each frame using 40 bits. At 

20 eighth rate, also referred to as rate 1/8, data transmission between the 
vocoder 16 and the microprocessor 18 is slightly less than a 1 kbps rate with 
the parameters encoded for each frame using 16 bits. 

In addition, no information may be sent in a frame between the 
vocoder 16 and the microprocessor 18. This frame type, referred to as a 

25 blank frame, may be used for signaling or other non-vocoder data. 

The vocoder data packets are then output to microprocessor 18 and 
then to CRC and Tail Bit generator 20 for completing the transmission 
formatting. Microprocessor 18 receives packets of parameter data every 20 
msec, along with a rate indication for the rate the frame of speech samples 

30 was encoded. Microprocessor 18 also receives, if present, an input of 
secondary traffic data for output to generator 20. Microprocessor 18 also 
internally generates signaling data for output to generator 20. Data whether 
it is primary traffic, secondary traffic or signaling traffic matter, if present, is 
output from microprocessor 18 to generator 20 every 20 msec, frame. 

35 Generator 20 generates and appends at the end of all full and half rate 

frames a set of parity check bits or cyclic redundancy check bits (CRC Bits) 
which are used at the receiver as a frame quality indicator. For a full rate 
frame, regardless of whether the data is a full rate primary, secondary or 
signaling traffic, or a combination of half rate primary and secondary traffic, 
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or a combination of half rate primary and signaling traffic, generator 20 
preferably generates a set of CRC Bits according to a first polynomial. For a 
half rate data frame, generator 20 also generates a set of CRC Bits preferably 
according to a second polynomial. Generator 20 further generates for all 
5 frames, regardless of the frame data rate, a set of Encoder Tail Bits. The 
Encoder Tail Bits follow the CRC bits, if present, or data if the CRC bits are 
not present, but in either case the Encoder Tail Bits are placed at the end of 
the frame. Further details of the operation on microprocessor 18 and 
generator 20 are provided later herein with reference to FIGs. 3 and 4. 

10 FIGs. 2a - 2h illustrate the frame formatting of data for the various 

data rates and data types for the reverse traffic channel. It should be noted 
that the illustrated frame formatting is merely exemplary and that other 
frame formats may be readily substituted therefor. Specifically, FIGs. 2a - 2e 
illustrate the data formatting for the various data types, i.e. vocoder and 

15 non-vocoder or combination thereof, at the 9.6 kbps data rate. FIGs. 2f - 2h 
illustrate the data formatting for vocoder data at rates 4.8, 2.4 and 1.2 kbps, 
respectively. In FIGs. 2a - 2h in addition to the primary traffic bits and/or 
signaling/secondary traffic bits, additional control bits are transmitted in the 
frame. The following notation applies to the control bits in FIGs. 2a - 2h and 

20 the bit values: 

Mixed Mode Bit (MM): 

'0' - Primary Traffic Only 

T - Primary Traffic and/or Signaling Traffic or Secondary 
Traffic 

25 Traffic type Bit (TT): 

'0* - Signaling Traffic 
T - Secondary Traffic 
Traffic Mode Bits (TM): 

'00' - 80 Primary Traffic Bits and either 88 Signaling Traffic or 
30 88 Secondary Traffic Bits 

'01* - 40 Primary Traffic Bits and either 128 Signaling Traffic or 

128 Secondary Traffic Bits 
'10 1 - 16 Primary Traffic Bits and either 152 Signaling Traffic or 
152 Secondary Traffic Bits 
35 11' - 168 Signaling Traffic Bits or 168 Secondary Traffic Bits 

Frame Quality Indicator Bits - CRC (F); and 
Encoder Tail Bits (T) 

Reverse traffic channel frames provided from generator 20 at the 9.6 
kbps rate are 192 bits in length and span the 20 msec, frame. These frames 
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cons,st of a single Mixed Mode Bit, auxiliaiy format bits if present, message 
bits, a 12-bit frame quality indicator (CRC), and 8 Encoder Tail Bits as shown 
m FIGs. 2a - 2e. The Mixed Mode Bit shall be set to '0' during any frame in 
which the message bits are primary traffic information only. When the 
Mixed Mode Bit is '0', the frame shall consist of the Mixed Mode Bit 171 
Primary Traffic bits, 12 CRC Bits, and 8 Encoder Tail Bits. 

The Mixed Mode Bit is set to T for frames containing secondary or 
signaling traffic. In these instances the first bit following the Mixed Mode 
Bit is a Traffic Type Bit. The Traffic Type Bit is used to specify whether the 
frame contains secondary or signaling traffic. If the Traffic Type Bit is a '0' 
the frame contains signaling traffic, and if a T, the frame contains 
secondary traffic. FIGs. 2b - through 2e illustrate the use of the Traffic Type 
Bit, with the Traffic Type Bit set to '0' for signaling traffic. 

The two auxiliary format bits following the Traffic Type Bit are Traffic 
Mode Bits. These bits indicate the number of bits that are used for primary 
traffic information and the number of bits that shall be used for either 
signaling or secondary traffic information within that frame. Referring to 
FIG. 2b, in the exemplary and preferred embodiment, 80 bits are used for 
primary traffic (half rate vocoder data packet) while 88 bits are used for 
20 signaling or secondary traffic. 

In the preferred implementation only primary traffic is transmitted in 
frames at the 4.8 kbps, 2.4 kbps, and 1.2 kbps rates. Mixed mode operation is 
generally not supported at rates other than the 9.6 kbps rate, although it may 
be readily configured. The frame formats for these particular rates are 
shown in FIGs. 2f - 2h. For the 4.8 kbps rate, the frame is 96 bits in length 
with the bits spaced over the 20 msec, time period of the frame as described 
later herein. The 4.8 kbps rate frame contains 80 primary traffic bits, an 8-bit 
frame quality indicator (CRC), and 8 Encoder Tail Bits. For the 2.4 kbps rate 
the frame is 48 bits in length with the bits spaced over the 20 msec, time 
period of the frame as also described later herein. The 2.4 kbps rate frame 
contains 40 primary traffic bits and 8 Encoder Tail Bits. For the 1.2 kbps rate, 
the frame is 24 bits in length with the bits spaced over the 20 msec, time 
period of the frame as also described later herein. The 1.2 kbps rate frame 
contains 16 primary traffic bits and 8 encoder tail bits. 

In a preferred embodiment the access channel data is generated by 
microprocessor 18 for transmission at a rate of 4.8 kbps. As such the data is 
prepared in a manner identical to that of 4.8 kbps frame format data, such as 
encoding, interleaving and Walsh encoding. In the encoding scheme 
implemented for the 4.8 kbps data, whether reverse traffic channel data or 
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access channel data, redundant data is generated. Unlike the reverse traffic 
channel where the redundant data is eliminated in the transmission, in the 
access channel all data including redundant data is transmitted. Details on 
the transmission aspects of frames of access channel data are provided later 
5 herein. 

FIG. 3 illustrates an exemplary implementation of the elements for 
formatting the data in accordance with FIGs. 2a - 2h. In FIG. 3 data is 
transmitted from microprocessor 18 (FIG. 1) to generator 20. Generator 20 is 
comprised of data buffer and control logic 60, CRC circuits 62 and 64, and 
10 Tail Bit circuit 66. Along with data provided from the microprocessor 18 a 
rate command may optionally be provided. Data is transferred for each 20 
msec frame from the microprocessor to logic 60 where temporarily stored 
For each frame, logic 60 may count the number of bits transmitted from the 
microprocessor, or in the alternative use the rate command and a count of 
15 the clock cycles in formatting a frame of data. 

Each frame of the traffic channel includes a frame quality indicator. 
For the 9.6 kbps and 4.8 kbps transmission rates, the frame quality indicator 
is the CRC. For the 2.4 kbps and 1.2 kbps transmission rates, the frame 
quality indicator is implied, in that no extra frame quality bits are 
20 transmitted. The frame quality indicator supports two functions at the 
receiver. The first function is to determine the transmission rate of the 
frame, while the second function is to determine whether the frame is in 
error. At the receiver these determinations are made by a combination of 
the decoder information and the CRC checks. 
25 For the 9.6 kbps and 4.8 kbps rates, the frame quality indicator (CRC) is 

calculated on all bits within the frame, except the frame quality indicator 
(CRC) itself and the Encoder Tail Bits. Logic 60 provides the 9.6 kbps and 4 8 
kbps rate data respectively to CRC circuits 62 and 64. Circuits 62 and 64 are 
typically constructed as a sequence of shift registers, modulo* adders 
30 (typically exclusive-OR gates), and switches as illustrated. 

The 9.6 kbps transmission rate data uses a 12-bit frame quality 
mdicator (CRC), which is to be transmitted within the 192-bit long frame as 
discussed with reference to FIGs. 2a - 2e. As illustrated in FIG. 3 for CRC 
circuit 62, the generator polynomial for the 9.6 kbps rate is as follows: 



35 



g(x) = x 12 + x n + x 10 + x 9 + x 8 + x 4 + x + l. 



(1) 



The 4.8 kbps transmission rate data uses an 8-bit CRC, which i< 
transmitted within the 96-bit long frame as discussed with reference to FIG 
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2f. As illustrated in FIG. 3 for CRC circuit 64, the generator polynomial for 
the 4.8 kbps rate is as follows: 

g(x) = x 8 + x + x 4 + x 3 + x + 1. (2) 

5 

Initially, all shift register elements of circuits 62 and 64 are set to 
logical one (T) by an initialization signal from logic 60. Furthermore 
logic 60 set the switches of circuits 62 and 64 in the up position. 

For 9.6 kbps rate data, the registers of circuit 62 are then clocked 172 

10 times for the 172 bits in the sequence of primary traffic, secondary traffic or 
signaling bits or a mixture thereof along with the corresponding 
mode/format indicator bits as input to circuit 62. After 172 bits are clocked 
through circuit 62, logic 60 then sets the switches of circuit 62 in the down 
position with the registers of circuit 62 then being clocked an additional 12 

15 times. As a result of the 12 additional clockings of circuit 62, 12 additional 
output bits are generated which are the CRC bits. The CRC bits, in the order 
calculated, are appended to the end of the 172 bits as output from circuit 62. 
It should be noted that the 172 bits output from logic 60 which pass through 
circuit 62 are undisturbed by the computation of the CRC bits and are thus 

20 output from circuit 62 in the same order and at the same value at which 
they entered. 

For 9.6 kbps rate data bits are input to circuit 62 from logic 60 in the 
following order. For the case of primary traffic only, the bits are input to 
circuit 62 from logic 60 in the order of the single mixed mode (MM) bit 

25 followed by the 171 primary traffic bits. For the case of 'dim and burst 1 with 
rate one-half primary and signaling traffic as shown in FIG. 2b, the bits are 
input to circuit 62 from logic 60 in the order of the single MM bit, a traffic 
type (TT) bit, a pair of traffic mode (TM) bits, 80 primary traffic bits, and 88 
signaling traffic bits. For the case of 'blank and burst 1 data format with 

30 signaling traffic only as shown in FIG. 2e, the bits are input to circuit 62 from 
logic 60 in the order of the single MM bit, the TT bit, a pair of traffic mode 
(TM) bits and 168 signaling traffic bits. 

Similarly for 4.8 kbps rate data, the registers of circuit 64 are clocked 80 
times for the 80 bits of primary traffic data, or for the 80 bits of access channel 

35 data, as input to circuit 64 from logic 60. After the 80 bits are clocked 
through circuit 64, logic 60 then sets the switches of circuit 64 in the down 
position with the registers of circuit 64 then being clocked an additional 8 
times. As a result of the 8 additional clockings of circuit 64, 8 additional 
output bits are generated which are the CRC bits. The CRC bits, in the order 
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calculated, are again appended to the end of the 80 bits as output from circuit 
64. It should again be noted that the 80 bits output from logic 60 which pass 
through circuit 64 are undisturbed by the computation of the CRC bits and 
are thus output from circuit 64 in the same order and at the same value at 

5 which they entered. 

The bits output from either of circuits 62 and 64 sure provided to 
switch 66 which is under the control of logic 60. Also input to switch 66 are 
the 40 and 16 bits of primary traffic data output from logic 60 for 2.4 kbps and 
1.2 kbps data frames. Switch 66 selects between providing an output of the 

10 input data (up position) and tail bits at a logical zero ('0') value (down 
position). Switch 66 is normally set in the up position to permit data from 
logic 60, and from circuits 62 and 64 if present, to be output from generator 
20 to encoder 22 (FIG. 1). For the 9.6 kbps and 4.8 kbps frame data, after the 
CRC bits are clocked through switch 66, logic 60 sets the switch to the down 

15 position for 8 clock cycles so as to generate 8 all zero tail bits. Thus for 9.6 
kbps and 4.8 kbps data frames, the data as output to the encoder for the 
frame includes appended after the CRC bits, the 8 tail bits. Similarly for the 
2.4 kbps and 1.2 kbps frame data, after the primary traffic bits are clocked 
from logic 60 through switch 66, logic 60 sets the switch to the down position 

20 for 8 clock cycles so as to again generate 8 all zero tail bits. Thus for 2.4 kbps 
and 1.2 kbps data frames, the data as output to the encoder for the frame 
includes appended after the primary traffic bits, the 8 tail bits. 

FIGs. 4a - 4e illustrate in a series of flow charts the operation of 
microprocessor 18, and generator 20 in assembling the data into the 

25 disclosed frame format. It should be noted that various schemes may be 
implemented for giving the various traffic types and rates priority for 
transmission. In an exemplary implementation, when a signaling traffic 
message is to be sent when there is vocoder data present a 'dim and burst' 
format may be selected. Microprocessor 18 may generate a command to 

30 vocoder 16 for the vocoder to encode speech sample frames at the half rate, 
regardless of the rate at which the vocoder would have otherwise normally 
encoded the sample frame. Microprocessor 18 then assembles the half rate 
vocoder data with the signaling traffic into the 9.6 kbps frame as illustrated 
in FIG. 2b. In this case, a limit may be placed on the number of speech 

35 frames encoded at the half rate to avoid degradation in the speech quality. 
In the alternative, microprocessor 18 may wait until a half rate frame of 
vocoder data is received before assembling the data into the 'dim and burst' 
format In this case, in order to ensure timely transmission of the signaling 
data, a maximum limit on the number of consecutive frames at other than 
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half rate may be imposed before a command i s sen, ,o the vocoder to encode 

5 in FIG S r"T * e T ** ^ ^ ^ date fo ™* - ««— M 
k ? CT may ^ °> m ™«ded to not encode the frame of 

speech samples or the vocoder data is ignored bv ,h„ J 
constructing the data frame. Prioritizing Z^Z^ZZFT" " 
of primary traffic at various rates , md ™? £™ S 

burst' traffic is open to many possibilities. b ' ank 
10 Referring back to FIG. 1, 20 msec, frames of 9.6 tons 4 g kbn. , a u. 

and u kbps data are thus output from generator 20 
-mplary embodiment encoder 22 is p refer ab ly a convolunct, loL 
type of encoder well known in the art. Encode, 22 r,~( t, ™ r " a 

5S7(octal), g, = 663(„ctal) and fc = 711(octal). As is well known in me ar, 
convo.ubona. encoding involves me modu.o-2 addition o, selected ^ o, a 

symbols (rWrl » n * t t ' three Code s ^ol S/ the code 
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COde " ymb ° Is (c o>- ( c i) and (c 2 ) are respectively generated bv the 

ymbo. ( c > bemg second and me code symbo, (c 2 > being lastThe tore 

WhJ. at the end of each frame provides a resetting of encoder 22 to an aU- 

30 The symbols output from encoder 22 are provided to block 

mterleaver 24 which under the control of microprocessor 18 provide 
symbol rep*^. Using . convcntiona , random ^ 

sTrnlmT ^ T* ^ 38 addKSSed * -^P-e— 1 , code 
ymbols may be stored in a manners achieve a code symbol repentta, rate 
35 that varies with the data channel. pennon rate 

In a more expedient and preferred implementation th* 
uniprocessor 18 need no, be burdened with data rnXver contro 
re„ty. .nfte preferred implementation microp™^ Illy 
need only prov.de me rate information signals along with the frame data to 
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encoder 22. Using the rate information, encoder 22 controls the rate at 
which encoder symbols are generated. Interleaver 24 includes logic which 
internally addresses the memory locations at a constant rate. Encoder 22 
encodes data at less than full rate at a slower rate such that the encoded 
symbols are stored in multiple locations in interleaver 24. 

In either implementation, code symbols are not repeated for the 9.6 
kbps data rate. Each code symbol at the 4.8 kbps data rate is repeated 1 time, 
i.e. each symbol occurs 2 times. Each code symbol at the 2.4 kbps data rate is 
repeated 3 times, i.e. each symbol occurs 4 times. Each code symbol at the 1.2 
kbps data rate is repeated 7 times, i.e. each symbol occurs 8 times For all 
data rates (9.6, 4.8, 2.4 and 1.2 kbps), the code repetition results in a constant 
code symbol rate of 28,800 code symbols per second for the data as output 
from interleaver 24. On the reverse traffic channel the repeated code 
symbols are not transmitted multiple times with all but one of the code 
symbol repetitions deleted prior to actual transmission due to the variable 
transmission duty cycle as discussed in further detail below. It should be 
understood that the use of code symbol repetition is an expedient method 
for describing the operation of the interleaver and a data burst randomizer 
as discussed in further detail below. It should be further understood that 
implementations other than those that use code symbol repetition may be 
readily devised to achieve the same result and remain within the teaching 
of the present invention. 

All code symbols to be transmitted on the reverse traffic channel and 
the access channel are interleaved prior to modulation and transmission. 
Block interleaver 24, constructed as is well known in the art, provides an 
output of the code symbols over a time period spanning 20 msec. The 
interleaver structure is typically a rectangular array with 32 rows and 18 
columns, i.e. 576 cells. Code symbols are written into the interleaver 24 by 
columns, with repetition for data at the 4.8, 2.4 and 1.2 kbps rate, so as to 
completely fill the 32 by 18 matrix. FIGs. 5a - 5d illustrate the ordering of 
write operations of original and repeated code symbols into the interleaver 
array for transmission data rates of 9.6, 4.8, 2.4 and 1.2 kbps, respectively. 

Reverse traffic channel code symbols are output from the interleaver 
by rows. Microprocessor 18 also controls the addressing of the interleaver 
memory for outputting the symbols in the appropriate order. Again, in an 
alternate and preferred implementation microprocessor 18 is relieved from 
interleaver addressing responsibilities. In this implementation the 
mterleaver 24 again uses the internal addressing logic to provide an output 



WO 97/41653 



16 



PCT/US97/07174 



of the stored symbols in the appropriate order. The interleaver stored 
symbols are preferably output in the following row order: 

At 9.6 kbps: 

5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
At 4.8 kbps: 

13 2 4 5 7 6 8 91110 12 13 15 14 16 1719 18 20 21 23 22 24 25 27 26 28 29 31 30 32 
10 At 2.4 kbps: 

15 2 6 3 7 4 8 9 13 10 1411 15 12 16 1721 18 22192320242529 26 30 27 31 28 32 
At 1.2 kbps: 

1 9 2 10 3 11 4 12 5 13 6 14 7 15 8 16 1725 18 26 19 27 20 28 21 29 22 30 23 31 24 
15 32. 

Access channel code symbols are also output from interleaver 24 by 
rows in the appropriate order using the techniques discussed above. The 
interleaver stored symbols are output in the following row order at the 4.8 
20 kbps rate for the access channel code symbols: 

1 17 9 25 5 21 13 29 3 19 11 27 7 23 15 31 2 18 10 26 6 22 14 30 4 20 12 28 8 24 16 
32. 

25 It should be noted that other encoding rates, such as a rate 1/2 

convolutional code used on the forward transmission channel, along with 
various other symbol interleaving formats may be readily devised using the 
basic teaching of the present invention. 

Referring again to FIG. 1, the interleaved code symbols are output 

30 from interleaver 24 to modulator 26. In the preferred embodiment, 
modulation for the Reverse CDMA Channel uses 64-ary orthogonal 
signaling. That is, one of 64 possible modulation symbols is transmitted for 
each six code symbols. The 64-ary modulation symbol is one of 64 
orthogonal waveforms generated preferably using Walsh functions. These 

35 modulation symbols are given in FIGs. 6a, 6b, and 6c, and are numbered 0 
through 63. The modulation symbols are selected according to the following 
formula: 



Modulation symbol number = c 0 + 2q + 4c 2 + 8c 3 + 16c 4 + 32c 5 



(3) 
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where c 5 shall represent the last or most recent and c 0 the first or oldest 
binary valued ('0' and '1') code symbol of each group of six code symbols 
that form a modulation symbol. The period of time required to transmit a 
single modulation symbol is referred to as a 'Walsh symbol' interval and is 
approximately equal to 208.333 ms. The period of time associated with one- 
sixty-fourth of the modulation symbol is referred to as a 'Walsh chip' and is 
approximately equal to 3.2552083333... ms. 

Each modulation or Walsh symbol is output from modulator 26 to 
one input of a modulo-2 adder, exclusive-OR gate 28. The Walsh symbols 
are output from modulator 26 at a 4,800 sps rate which corresponds to a 
Walsh chip rate of 307.2 kcps. The other input to gate 28 is provided from 
long code generator 30 which generates a pseudo-noise or pseudo-random 
(PN) code, referred to as the long code sequence, in cooperation with mask 
circuit 32. The long code sequence provided from generator 30 is at a chip 
rate four times the Walsh chip rate of modulator 26, i.e. a PN chip rate 
1.2288 Mcps. Gate 28 combines the two input signals to provide an output of 
spread data at the chip rate of 1.2288 Mcps. 

The long code sequence is a time shift of a sequence of length 2 42 -l : 
chips and is generated by a linear generator well known in the art using the 
following polynomial: 

p(x) = x 42 + x 35 + x 33 + x 31 + x 27 + x 26 + x 25 + x 22 + x 21 + x 19 + x 18 + 

x ,7 + x" + x 10 + x 7 + x * + x 5 + x 3 + x 2 + x 1 + l. (4) 

FIG. 7 illustrates generator 30 in further detail. Generator 30 is 
comprised of sequence generator section 70 and masking section 72. Section 
70 is comprised of a sequence of shift registers and modulo-2 adders 
(typically exclusive-OR gates) coupled together to generate a 42-bit state 
variables according to equation 4. The 42-bit state variables output from 
section 70 are provided to section 72 along with a 42-bit wide mask provided 
from mask circuit 32. 

Section 72 is comprised of a series of input AND gates 74j - 74 42 
having one input for receiving a respective one of the 42 state variable bits 
35 The other input of each of AND gates 74, - 74 42 receives a respective one of 
the 42 mask bits. The output of AND gates 74, - 74^ are then modulo-2 
added by adder 76 so as to form a single bit output from section 72 for each 
1.2288 Mhz clocking of the shift registers of section 70. Adder 76 is typically 
constructed as a cascaded arrangement of exclusive-OR gates as is well 
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known in the art. Therefore, the actual output PN sequence U_PN_SEQ is 
generated by the modulo-2 addition of the masked output bits of section 70. 

The mask used for the PN spreading varies depending on the channel 
type on which the mobile station is communicating. Referring back to FIG. 
5 1, initialization information is provided from microprocessor 18 to 
generator 30 and circuit 32. Generator 30 is responsive to the initialization 
information for initialization of the circuitry. Circuit 32 is also responsive 
to the initialization information, which also indicates the type of mask to be 
provided by circuit 32 to generator 30. As such, mask circuit 32 may be 

10 configured as a memory which contains a 42-bit mask for each 
communication channel type. FIGs. 8a - 8c provide an exemplary definition 
of the masking bits for each channel type. 

Specifically, when communicating on the access channel, the mask is 
defined as illustrated in FIG. 8a. In the access channel mask, mask bits M 29 

15 through M 41 are mask header bits; mask bits M 24 through M 28 are bits 
indicative of the access channel number (ACN); mask bits M 2 i through M 23 
are bits indicative of the code channel for the associated paging channel, i.e, 
paging channel number (PCN), with the range typically being 1 through 7; 
mask bits M 9 through M 20 are bits indicative of the registration zone 

20 (REG_ZONE); and mask bits M 0 through M 8 are bits indicative of the pilot 
PN offset (PILOT_PN) for the current base station. 

When communicating on the reverse traffic channel, the mask is 
defined as illustrated in FIGs. 8b and 8c. The mobile station uses one of two 
long codes unique to that mobile station: a public long code which is a 

25 function of the mobile station's electronic serial number (ESN); and a 
private long code unique for each mobile identification number (MIN) 
which is typically the telephone number of the mobile station- 
In the public long code, FIG. 8b, mask bits M 32 through M 41 are header 
bits; and mask bits M 0 through M 31 are bits set as a one-to-one function of 

30 the mobile station ESN. Thus these bits may either directly correspond to 
the ESN or a permuted version thereof. In the private long code the mask 
bits M 40 through M 41 are header bits; and mask bits M 0 through M 39 
correspond to bits set according to a predetermined assignment scheme. 

It is envisioned that the private long code be implemented as 

35 illustrated in FIG. 8c, although other masking codes may be generated. The 
private long code will provide additional security to the data transmissions 
in that it will only be known to the base station and the mobile station. The 
private long code preferably will not be transmitted over the transmission 
medium. 
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Referring back to FIG. 1 the output of gate 28 is respectively provided 
as one input to each one of a pair of modulo-2 adders, exclusive-OR gates 34 
and 36. The other input to each of gates 34 and 36 are respectively second 
and third PN sequences, I and Q channel 'short codes', respectively 

5 generated by I and Q Channel PN generators 38 and 40. The reverse access 
channel and reverse traffic channel is therefore offset quadrature phase shift 
key (OQPSK) spread prior to actual transmission. This offset quadrature 
spreading on the reverse channel uses the same I and Q PN codes as are 
used in the cell base station to mobile station communication, i.e. the 

10 forward channel. 

The I and Q PN codes generated by generators 38 and 40 are of length 
2 15 and are preferably zero-time offset codes with respect to the forward 
channel. For purposes of further understanding, on the forward channel a 
pilot signal is generated for each base station. Each base station pilot channel 

15 signal is spread by the I and Q PN codes as described with respect to the 
mobile station. The I and Q PN codes of a base station are together offset 
from those of another base station. By shifting both code sequences 
transmissions by different base stations may be distinguished. The 
generating functions for the I and Q short PN codes are be as follows: 

20 

P,(x) = x 15 + x 13 + x 9 + x 8 + x 7 + x 5 + 1 (5) 

and 

P Q (x) = x 15 + x 12 + x 11 + x 10 + x 6 + x 5 + x 4 + x 3 + 1. (6) 

25 Generators 38 and 40 may be constructed so as to provide an output 

sequence in accordance with equations (5) and (6). 

The I and Q waveforms are output from gates 34 and 36 and provided 

as inputs to finite impulse response (FIR) filters 42 and 44. FIR filters 42 and 

44 are digital filters which bandlimit the resulting I and Q waveforms. 
30 These digital filters shape the I and Q waveforms such that the resulting 

spectrum is contained within a given frequency spectrum. The digital filters 

preferably have the impulse response shown in Table II below. 

Filters 42 and 44 may be constructed according to well known digital 

filter techniques and preferably provide a frequency response as illustrated 
35 in FIG. 9. However exemplary preferred implementations of filters 42 and 

44 are described later herein. 
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h(0) = 


-0.025288315 


. =h(47) 


h(l) = 


-0.034167931 


= h(46) 


h(2) = 


-0.035752323 


= h(45) 


h(3) = 


-0.016733702 


= h(44) 


h(4) = 


0.021602514 


= h(43) 


h(5) = 


0.064938487 


= h(42) 


h(6) = 


0.091002137 


= h(41) 


h(7) = 


0.081894974 


= h(40) 


h(8) = 


0.037071157 


= h(39) 


h(9) = 


-0.021998074 


= h(38) 


h(10) = 


-0.060716277 


= h(37) 


h(ll) = 


-0.051178658 


= h(36) 



h(12) = 


0.007874526 


= h(35) 


h(13) = 


0.084368728 


= h(34) 


h(14) = 


0.126869306 


= h(33) 


h(15) = 


0.094528345 


= h(32) 


h(16) - 


-0.012839661 


= M31) 


h(17) = 


-0.143477028 


= h(30) 


h(18) = 


-0.211829088 


= h(29) 


h(19) = 


-0.140513128 


= h(28) 


h(20) = 


0.094601918 


= h(27) 


h(21) = 


0.441387140 


= h(26) 


h(22) = 


0.785875640 


= h(25) 


_h(23) = 


1.0 


= h(24) 
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addmonal burary V and T input sequence synchronous with the I and I Q 
digital waveforms are provided to each of digital filters 42 and 44 Th^ 
parncular sequence, referred to as a masking sequence, is the output 
generated by a data burst randomizer. The masking sequence mu.np.iesT 

Z*^Zt™ to produce a temary *** of °- - ♦« - 

traffic eh' T"" Pre t US ' y ** ^ fOT on tile reverse 

teaffic channel ,s at one of the rates of 9.6, 4.8, 2.4, or 1.2 kbps and varies on a 

rame-by-frame has*. Since the frames are of a fixed 20 msec, lengm for bom 

the access channe. and me reverse traffic channel, the number of 

m °— b,«s per frame shall be 192, 96, 48, or 24 for Emission at dab, 

information .s encoded using a rate 1/3 convolutional encoder. The code 
symbob are repeated to provide a constant code symbol rate of 28,800 
symbols per second (sps). This 28,800 sps stream is block interleaved as 
previously described. 

Prior to transmission, the Reverse Traffic Channel interleaver output 
stream xs gated with a time filter that allows transmission of certain 
mterleaver output symbols and deletion of others. The duty cycle of the 
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transmission gate thus varies with the transmit data rate. When the 
transmit data rate is 9.6 kbps, the transmission gate allows all interleaver 
output symbols to be transmitted. When the transmit data rate is 4.8 kbps, 
the transmission gate allows one-half of the interleaver output symbols to 
5 be transmitted, and so forth. The gating process operates by dividing the 20 
msec, frame into 16 equal length (i.e., 1.25 msec.) periods, called power 
control groups. Certain power control groups are gated on (i.e., transmitted), 
while other groups are gated off (i.e., not transmitted). 

The assignment of gated-on and gated-off groups is referred to as a 

10 data burst randomizer function. The gated-on power control groups are 
pseudo-randomized in their positions within the frame so that the actual 
traffic load on the reverse CDMA channel is averaged, assuming a random 
distribution of the frames for each duty cycle. The gated-on power control 
groups are such that every code symbol input to the repetition process shall 

15 be transmitted once. During the gated-off periods, the mobile station does 
not transmit energy, thus reducing the interference to other mobile stations 
operating on the same reverse CDMA channel. This symbol gating occurs 
prior to transmission filtering. 

The transmission gating process is not used when the mobile station 

20 transmits on the access channel. When transmitting on the access channel, 
the code symbols are repeated once (each symbol occurs twice) prior to 
transmission. 

In the implementation of the data burst randomizer function, data 
burst randomizer logic 46 generates a masking stream of O's and l's that 
25 randomly masks out the redundant data generated by the code repetition. 
The masking stream pattern is determined by the frame data rate and by a 
block of 14 bits taken from the long code sequence generated by generator 30. 
These mask bits are synchronized with the data flow and the data is 
selectively masked by these bits through the operation of the digital filters 42 
and 44. Within logic 46 the last 14 bits occurring in the next-to-last power 
control group of each reverse traffic channel frame boundary are stored. 
Logic 46 uses this data along with the rate input from microprocessor 18, to 
determine, according to a predetermined algorithm, the particular power 
control groups in which the data is to be allowed to pass through filters 42 
35 and 44 for transmission. Logic 46 thus outputs for each power control group 
a T or '0' for the entire power control group depending on whether the 
data is to be filtered out or passed through. At the corresponding receiver, 
which also uses the same long code sequence and a corresponding rate 
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determined for the frame, logic is provided which determines the 
appropriate power control groups in which the data is present. 

The 14 bits of the long code sequence stored in logic 46 used in 
determining the power control groups in which data is present for 
5 transmission as identified as follows: 

b 0 b x b 2 b 3 b 4 b 5 b 6 b 7 b 8 b 9 b 10 b„ b 12 b 13/ 

where b 0 represents the oldest generated bit in the 14-bit sequence, and b 13 
represents the most recently generated bit in the 14-bit sequence. 

Each 20 msec reverse traffic channel frame is divided into 16 equal 
length (i.e., 1.25 msec.) power control groups numbered from 0 to 15 as 
shown in FIGs. 10a - lOd. Data burst randomizer logic 46 implements an 
algorithm which permits data to be transmitted for the various power 
15 control groups for the various rates. It should be noted that in order to 
randomize the position of the data within the transmission frame that only 
8 bits are necessary. However as disclosed herein, 14 bits are used to assure 
that the slot position within the frame (power control group) for data 
transmission at quarter rate is a subset of the slots (power control groups) 
20 used at the half rate, and that the slots used for data transmission at eighth 
rate is a subset of the slots used at the quarter rate. 

FIG. lOe illustrates that the 14 bits from the masked long code that are 
stored correspond to the last 14 bits of the 15th power control group (PCG 14) 
of the 16 power control group of the preceding frame. The 15th power 
25 control group is used to provide sufficient time to determine the power 
control groups which data is transmitted in the following frame. However 
it should be understood that any predetermined bits of PN data could be 
used in determining the power control groups of the current frame for data 
transmission. Although it is desirable to use the long code sequence in 
30 determining the power control groups in which data transmission is to 
occur, since this sequence is also used at the receiver for PN, other 
deterministic sequences may be used for power control group 
determination. In this instance any other deterministic sequence may be 
used which is also know by the receiver. Thus the sequence used in 
35 computing the power control groups may be independent of the sequence 
used to PN spread the user data. 

As illustrated in FIGs. 10a - 10d within the 1.25 msec, time period of 
each transmitted power control group within the frame there are 12 data bits 
encoded as 36 code symbols which are in turn encoded as 6 Walsh symbols. 
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With each Walsh symbol represented by 64 Walsh chips there are 384 Walsh 
chips within the 1.25 msec, time period. Since there are 4 PN chips for every 
Walsh chip, each transmitted power control group is comprised of data 
modulated by 1536 PN chips. 

For full rate data, data is transmitted in each power control group. 
However, for rates less than full rate, the value of the selected bits b 0 - b 13 is 
used to determine the power control groups in which data is transmitted. 
The power control groups used for transmission for the various rates are as 
follows: 

Data Rate Selected - Full Rate 

Transmission shall occur on power control groups numbered: 
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15. 

15 Data Rate Selected - Half Rate 

Transmission shall occur on eight power control groups numbered: 
b 0 , 2+b„ 4+b 2 , 6+ba, 8+b 4 , 10+b 5 , 12+b^ and 14+b 7 . 

Data Rate Selected - Quarter Rate 
20 Transmission shall occur on four power control groups numbered: 
b 0 ifb 8 = 0 or 2+bjifbssl; 

4+b 2 if b 9 = 0 or 6+b 3 if b 9 = 1; 

8+b 4 if b 10 = 0 or 10+b 5 if b, 0 = 1; and 



25 



12+b 6 if b„ = 0 or 14+by if b„ = 1. 



Data Rate Selected - One-Eighth Rate 

Transmission shaU occur on two power control groups numbered: 

b 0 if (b 8 = 0 and b 12 = 0), or 2+bj if (b 8 = 1 and b 12 = 0) or 

4+b 2 if (b 9 = 0 and b 12 =1), or 6+b 3 if (b 9 = 1 and b 12 = 1); and 

30 8+b 4 if(b 10 = 0andb 13 =0), or 10+b 5 if (b 10 = 1 and b 13 = 0) 

12+b 6 if(b n = 0andb 13 = l), or 14+b 7 if (b„ = 1 and b 13 = 1). 

FIGs. 10a - 10d, in conjunction with FIG. lOe, illustrate by example the 
power control groups selected for the various rates for an exemplary b 0 - b 13 
35 bit sequence. It should be understood that since data for each frame is 
transmitted at only one rate in the actual implementation, data would be 
transmitted according to only one of FIGs. 10a - lOd for the particular frame 
In the example illustrated in FIGs. 10a - lOe, an exemplary b 0 - b 13 bit 
sequence of (0, 0, 1, 0, 1, 1, 0, 1, 1, 0, 0, 1, 0, 0) is used. Using the algorithms set 
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forth above for each data rate, data would be transmitted in the power 
control groups shaded for the corresponding transmission rate. As can be 
seen in FIGs. 10b - lOd, the selected power control groups of the lower rates 
are subsets of selected power control groups of higher rates. The use of 
subsets provides for ease in decoding of the frame for each of the various 
rates. 



Logic 46 also generates an output TX_PUNCT signal to the RF 
transmitter circuit 58. This signal is used to turn on the transmitter power 
amplifier for power control groups that are to be transmitted and off for 

10 power control groups that are not transmitted. This control over the power 
amplifier provides a reduction in power consumption by the transmitter 
which is particularly important in portable units. Further details of data 
burst randomizer logic 46 are provided in copending United States patent 
application Serial No. 08/291,231, entitled "DATA BURST RANDOMIZER" 

15 which is assigned to the assignee of the present invention and which is 
incorporated herein by reference. 



II. Interference Reduction Techniques 

In the data burst randomizer described above, the gated-on power 
control groups are pseudo-randomized in their positions within the frame 
spreading the burst-induced AM interference over a relatively wide 
bandwidth. The present invention contemplates a number of techniques 
for reducing the interference experienced by users of CDMA communication 
devices. In the present invention, interference arising from variable-rate 
transmission is effectively eliminated by configuring the transmitter of an 
authorized CDMA communication unit to transmit RF energy substantially 
continuously at a full-rate power level, irrespective of the instantaneous 
level of user speech or data activity. This continuous transmission is 
accomplished by the communication unit transmitting only full rate frames. 
As a consequence, the type of AM interference nominally accompanying the 
transmission of variable-rate data by a CDMA transmitter is substantially 
eliminated. 

FIG. 11 illustrates selected portions of a CDMA communication 
system capable of operating in the reduced interference mode of the present 
invention. Communication unit 1101 is shown to be in communication 
with base station 1104, which is controlled by base station controller (BSC) 
1100. BSC 1100 contains a home location register (HLR) database containing 
the account profiles of all subscribers in the service area controlled by BSC 
1100. Base station 1104 radiates RF signals through antenna 1106 to 
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communication unit 1101 on the forward link 1110. Base station 1104 also 
receives RF signals, through antenna 1108, which have been transmitted by 
communication unit 1101 over reverse link 1112. 

The present invention is believed to be of particular benefit to 
hearing impaired users of digital communications devices. Since such users 
will often be reliant upon electronic hearing aids, the reduced interference 
levels associated with operation in accordance with the invention 
minimizes any impact upon hearing aid operation. In order to manage 
system capacity, a number of authorization schemes may be instituted as a 
means of ensuring that only those CDMA communication units 1101 
associated with selected eligible users (e.g., hearing impaired users) are 
permitted to engage in the type of reduced interference transmission 
contemplated by the invention. 

For example, only eligible hearing impaired users could be allowed to 
purchase CDMA communication units 1101 pre-authorized for operation in 
a reduced interference mode. Alternately, eligible hearing impaired users 
could obtain authorization from their cellular service provider after 
purchase of a CDMA communication unit 1101 capable of reduced 
interference mode operation. The authorization information may 
conveniently reside with the rest of the subscriber's account profile in the 
subscriber's home location register (HLR) 1102. 

Once authorized, the reduced interference mode could be activated in 
a number of ways. For example, the user may activate the reduced 
interference mode through user interface 1120, which may comprise a 
25 keypad and associated circuitry as is known in the art. In such a case, the 
user would enter a predetermined activation sequence through user 
interface 1120, which would provide a reduced interference mode activation 
signal to microprocessor 18. In response, microprocessor 18 would then 
configure communication unit 1101 for operation in the reduced 
30 interference mode. Deactivation of the reduced interference mode could be 
accomplished in a similar fashion. In this example, the user would be able to 
activate and deactivate the reduced interference mode at will. 

For even greater security, the reduced interference mode may be 
activated and deactivated through dataport 1122 by the subscriber's service 
provider. Typically, this would involve connecting the communication unit 
1101 to a programming station, such as a computer (not shown). In such a 
case, the reduced interference mode activation signal generated by the 
computer would be passed from dataport 1122 to microprocessor 18 over 
transmission line 310, and microprocessor 18 would then configure 
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communication unit 1101 for reduced interference mode operation. 
Optionally, a service programming code could be required to activate the 
reduced interference mode over dataport 1122 in order to prevent 
unauthorized activation. 
5 In yet another activation technique, authorized communication units 

1101 could request and receive over-the-air activation from the cellular 
service provider operating BSC 1100. In this case, the user would enter an 
appropriate request sequence into user interface 1120. In response 
microprocessor 18 would generate appropriate signaling bits, multiplex 
10 them into a frame, and pass the frame to transmitter 1118 for transmission 
over reverse link 1112 to base station 1104. Base station 1104 would then 
pass the request to BSC 1100 which would verify authorization in the 
subscriber's HLR 1102. Upon appropriate authorization, base station 1104 
would then transmit a reduced interference mode activation signal to 
communication unit 1101. The reduced interference mode activation signal 
transmitted by base station 1104 would be received by antenna 60, and passed 
to receiver 1116 by duplexer 1114. Receiver 1116 would demodulate and 
decode the activation signal and pass it to microprocessor 18. In response, 
microprocessor 18 would then configure communication unit 1101 for 
operation in the reduced interference mode. Additionally, when "roving" 
outside of a home service area, the communication unit 1101 could be 
permitted several unauthorized uses (e.g., calls) in the visited service area 
pending receipt of authorization from the home service area HLR 1102. 

Communication unit 1101 may be configured for reduced interference 
25 mode operation by microprocessor 18 in response to the reduced 
interference mode activation signal generated by any of the above 
techniques. It should be noted that the above described techniques are 
merely exemplary, and other activation techniques may be used. 

Once the reduced interference mode is activated, communication 
unit 1101 is ready to operate in reduced interference mode. To do so, 
microprocessor 18 generates a signaling message which is transmitted to 
base station 1104 indicating the communication unit's 1101 intention to 
transmit in a reduced interference mode. This message may be transmitted, 
for example, during initial registration with base station 1104, or in an 
origination message from the communication unit 1101 indicating its 
attempt to originate a call, or alternatively in a page response message from 
the communication unit 1101, responding to an incoming page from base 
station 1104. Specifically, this message indicates the intent of 
communication unit 1101 to transmit only full rate frames. Assuming 
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proper authorization of communication unit 1101 through HLR 1102, and 
sufficient system resources available at base station 1104 to support 
continuous full-rate transmission, base station 1104 will allow the 
communication unit 1101 to send only full rate frames. 
5 Referring now to FIG. 1, the generation and transmission of full rate 

frames by communication unit 1101 while in the reduced interference mode 
will be described. In a first embodiment of the present invention, the 
microprocessor 18 instructs vocoder 16 to encode each frame of speech 
samples at full-rate (rate 1) upon receiving the reduced interference mode 

10 activation signal. In an exemplary implementation of the first technique, 
rate 1 transmission corresponds to a data rate from the vocoder 16 to the 
microprocessor of 8.55 kbps. As noted above, frames of 9.6 kbps are 
provided by generator 20 during rate 1 operation in response to the frame 
data assembled by the microprocessor 18. The encoder 22 then encodes the 

15 9.6 kbps data frames from the generator 20 into code symbols without 
repetition. These code symbols are then interleaved in interleaver 24 and 
modulated in modulator 26 in the manner described above with reference 
to FIG. 1. 

When the transmit data rate is 9.6 kbps (rate 1), all 16 power control 

20 groups within each frame are gated on (i.e., transmitted). As a result of this 
continuous signal transmission at a full rate, the AM interference 
nominally associated with transmission of variable rate vocoded speech is 
substantially eliminated. Optionally, this technique of forcing the vocoder 16 
to full-rate operation could be invoked only when the transmit power 

25 transmitter 56 exceeded a predetermined threshold, for example 50 mW. In 
a CDMA system with power control, such a case would normally only occur 
when the user is near the edge of a base station's cell. As such, the forced 
full-rate method would have a negligible impact on system capacity due to 
the relatively infrequency that it would be invoked. Furthermore, invoking 

30 the forced full-rate only above a predetermined transmit power level would 
also preserve battery life in portable communication devices employing the 
present invention. 

In a second embodiment of the present invention, repetitions of non- 
full rate encoded speech or other data are generated in order to fill the full- 

35 rate frame. In the case of voice data, vocoder 16 continues to operate at a 
variable rate, and microprocessor 18 continues to provide repetition of the 
power control groups for the half, quarter, and eighth rates as described 
above. However, the microprocessor 18 instructs data burst randomizer 
logic 46 to refrain from masking out the redundant power control groups, 
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and transmitter 56 remains eated on fr... »n 

r ma . ams garea ° n for a1 ' the power control groups of each 

frame, m response to the reduced interference mode request. Similarly 
m^roprocessor 18 would generate repetitions of any non-full nT non 
vocoder data provided to oyer data transmission line 310, and LZcZl 
5 burstrandom.er logic 46 to refrain from masking out the redundanT powt 
con tro groups. In each case, microprocessor !8 would instruct transmit 
56 to transnut each frame at a full-rate power level, irrespective o7t he 
number of repeated versions of the data. Since the CDMA commie t on 
unit thus transmits RF energy substantially continuously at a fuTmte poZ 
10 level over the entirety of each frame, notwithstanding the data rat IZZ 
to produce the type of AM interference no„na«y S ^ ^ * 
transmission of variable rate encoded speech and other data 

In a third and preferred embodiment of the present invention full 

is ^Jzii e rr: d by microprocessor 18 by 

necessary with a predetermxned sequence of bits. In the case of speech data 
vocoder 16 continues to generate variable rate speech data pact ts t' 

fun tT ^ USCr SPCeCh ^ H — ^roproce^r Z 
builds only full-rate frames by adding signaling traffic bits consisting of a 
predetermined bit sequence as necessarv tn ™a c T 
» format. Alternatively! ^^^Zt^T^J^Z 

forma,. As in the case of the previously described embodiments the 
777 18 ^ ^configured * enter this constant 

•5 ,Tm ,ranSm " tCT 56 «— - Predetermined 

a threshold, for example, 50 mW. 

In this third embodiment, during traffic channel operation the 
ZZT M emUreS ** ° nly ftames are When 

0 ri™ ^ u 8erV ' Ce 0f>HOn(S) ' SUCh as s f^h or data, or ,he 
X 8 7 M ' *" * e mfcro P"*»*» " gyrates fiUer signafing 
ttrfftc conststtng „, , predetermined pattern of bits in order to pad out the 
£11 rate frame. The preferred predetermined pattern of bits is a., zero bits 
However, the predetermined pattern of bits could also either be 

_ oran a.temattng pattern of ones and zeros, or even a random sequence of 

As an example, if only the 8 kbps speech service option is active (i.e. 
there ts no secondary data traffic being passed to microprocessor 18 over 

heTT",, ^ * e l6Vel ° f ^ aCtM * fe >°" -ough tha, 

the vocoder 16 produces a half-rate speech packet, microprocessor 18 would 



WO 97/41653 



29 



PCT/US97/07174 



use the multiplex option format shown in FIG. 2b, "Dim and Burst with 
Rate 1/2 Primary and Signaling Traffic" to build a full rate frame. The frame 
would consist of the 80 primary traffic bits comprising the half rate speech 
packet from vocoder 16, as many of the 88 signaling traffic bits as are needed 
5 to accomplish any conventional signaling, and the remainder of the 88 
signaling traffic bits would all be set to zero. Likewise, for quarter-rate and 
eighth-rate speech packets, illustrated in FIGs. 2c and 2d respectively, 
microprocessor 18 would build frames consisting of 40 primary traffic bits 
and 16 primary traffic bits respectively, and the remainder of unused 128 or 

10 152 signaling traffic bits respectively, would be set to zero. Again, it should 
be noted that the present invention is also applicable to other multiplex 
formats using different numbers of total bits per frame, for example, the 14.4 
kbps multiplex format of ANSI J-STD-008 entitled "Personal Station - Base 
Station Compatibility Requirements for 1.8 to 2.0 Ghz Code Division 

15 Multiple Access (CDMA) Personal Communications Systems." 

During traffic channel operation, if base station 1104 (See FIG. 11) 
receives a reverse traffic channel frame containing signaling traffic which 
consists of all zero bits and which does not form any part of a signaling 
message, the base station 1104 recognizes that the communication unit 1101 

20 is operating in reduced interference mode and discards the signaling traffic. 
So in the rate 1/2 example above, when the base station 1104 receives the 
frame transmitted by the communication unit 1101, the base station 1104 
extracts the 80 bits of primary traffic (i.e., the half-rate speech and /or data 
packet), and processes them normally. However, then the base station 1104 

25 examines the remaining bits of signaling traffic and, because they are all 
zero, discards them without further processing. Alternatively, the base 
station 1104, instead of examining each bit of the signaling traffic to 
determine if they are all zero, could examine the first N bits of the signaling 
traffic, where N is the minimum number of bits required to determine 

30 whether the signaling traffic is the start of a new signaling message. If these 
N bits were all zero, and the frame is not part of a reverse traffic channel 
message that began in an earlier frame, then the base station 1104 would 
discard the signaling bits as padding. In a system according to IS-95, N would 
equal eight bits. 

35 An advantage to this third embodiment is that altering the 

multiplexing scheme in order to produce full-rate frames accommodates 
both vocoder and non-vocoder data as primary traffic. As such, this third 
embodiment supports data, fax, packet, and simultaneous voice and data 
service options. Additionally, this third embodiment allows the base station 
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U04 tt, easily detect when a communication unit 110l is operating in the 

zi o f a B rr ^"r 8 c ° nsis,in8 ° f *« ««— «— * 

5 fr™ I k an UnauU, ° rized communication uni, 1101 transmits such 
*e caU. S,a ' i0n lm CM ,3ke aPPr0Pria ' e aCUOn ' «* - 

b * PreVi ° US d -°*«« °' *e preferred embodiments is provided 
to enable any person skilled in the ar, ,o make or use ,he present invention 
The venous modifications to these embodiments will be readily apparent to 
those skrUed m the ar,, and the generic principles defined hereto may oe 
apphed to other embodiments without the use of the inventive faculty 

22s FT* T Vmti °" " ^ tatended to "» *o the 

embodtments shown herein but is to be accorded me widest scope consistent 
with the principles and novel features disclosed herein. 
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CLAIMS 

1. A system for reducing interference generated by a 
2 communication device which nominally transmits data at a variable rate 

and which nominally varies transmit power in response to said variable 
4 rate, said system comprising: 

means for directing said communication device to continuously 
6 transmit RF energy at a full rate power level irrespective of said variable 

rate; and 

8 means, in said communication device and responsive to said means 

for directing, for transmitting RF energy continuously at said full rate power 

10 level irrespective of said variable rate, whereby said interference is reduced 
proximate said communication device due to continuous transmission 

12 thereby at said full rate power level. 

2. The system of claim 1 wherein said means for directing directs 
2 said communication device to continuously transmit RF energy at said full 

rate power level irrespective of said variable rate only when said full rate 
4 power level exceeds a predetermined threshold. 

3. The system of claim 1 wherein said means for transmitting 
2 comprises: 

a variable rate vocoder; 

4 a controller for instructing said variable rate vocoder to encode voice 

data at a full rate irrespective of said variable rate; and 

6 a transmitter for transmitting said full rate encoded data at said full- 

rate power level. 

4. The system of claim 1 wherein said means for transmitting 
2 comprises: 

a controller having an input for receiving variable rate data, said 
4 controller for generating full rate frames of data comprising repeated 

versions of said variable rate data; and 
6 a transmitter for transmitting said full rate frames at said full rate 

power level. 

5. The system of claim 1 wherein said communication device 
2 nominally transmits non-full frames of data containing a variable number 
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4 transmitting comprises: 

6 nu m h 3 T^° 1Ier Seneratlng fU " frameS ° f data co " tai -ng a fixed 

6 number of bits irrespective of said variable rate; and 

8 powerle"" ** "* ^ ° f d * a " Said " 

2 nn min 6 i. „ SySt6m ° f ^ 5 Wherdn ^-unication device 
2 nonun ly distributes said variable number of bits pseudo-randomly in said 

4 "id t r ° f ^ ^ Wh6rein ^ m frames of da * aerate £ 
4 said controller contain a variable number of padding bit! having a 

predetermined pattern. g a 



2 
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7. The system of claim 6 wherein said controller generates a 

l~T IT 7^ intenti ° n Signa1 ' ^ Wh - in - — - 

~d Sai l , terf6renCe intenti ° n Si ^ al to a ba - «^tion 

associated with said communication device. 
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2 logical!. vl e e SyStem * ^ * " "* ° f « «■ *- a 
9. A method for reducing interference generated by a 

rrr tion e which nominaiiy tnmsmits * * ^j^e 

and whu* nominally varies transmit power in response to said variable 
* rate, said method comprising the steps of: 

6 en . d 7T» C ° mmUnkati0n devi <* to continuously transmit RF 
6 energy at a full rate power level irrespective of said variable rate- and 

a transmitti *S' fa»n said communication device and in response to 

8 said directing step, RF energy continuously at said full rate power level 
irrespective of said variable rate, whereby said interference is reduced 

P '™> ^ T mUn kati0n d6ViCe dUG t0 C ° ntinUOUS emission 
thereby at said full rate power level. 



2 
4 



10. The method of claim 9 wherein said directing step further 
comprises directing said communication device to continuously transmit 
RF energy at said full rate power level irrespective of said variable rate only 
when said full rate power level exceeds a predetermined threshold 
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11. The method of claim 9 wherein said transmitting step further 
2 comprises the steps of: 

instructing a variable rate vocoder in said communication device to 
4 encode voice data at a full rate irrespective of said variable rate; and 

* transmitting said full rate encoded data at said full-rate power level. 

12. The method of claim 9 wherein said transmitting step further 
2 comprises the steps of: 

generating full rate frames of data comprising repeated versions of 
4 said variable rate data; and 

transmitting said full rate frames at said full rate power level. 

13. The method of claim 9 wherein said communication device 
2 nominally transmits non-full frames of data containing a variable number 

of bits in response to said variable rate, and wherein said transmitting step 
4 further comprises the steps of: 

generating full frames of data containing a fixed number of bits 
6 irrespective of said variable rate; and 

transmitting said full frames of data at said full-rate power level. 

14. The method of claim 13 wherein said communication device 
2 nominally distributes said variable number of bits pseudo-randomly in said 

non-full frames of data, and wherein said full frames of data generated by 
4 said controller contain a variable number of padding bits having a 
predetermined pattern. 

15. The method of claim 14 further comprising the steps of: 
2 generating a reduced interference mode intention signal; and 

transmitting said reduced interference mode intention signal to a base 
4 station associated with said communication device. 

16. The system of claim 14 wherein each of said padding bits has a 
2 logical zero value. 

17. A communication device which nominally transmits data at a 
2 variable rate and which nominally varies transmit power in response to 

said variable rate, said system comprising: 
4 a transmitter; and 
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a controller for directing said transmitter to transmit RF energy 
6 continuously at a full rate power level irrespective of said variable rate 
whereby said interference is reduced proximate said communication device 
8 due to continuous transmission thereby at said full rate power level. 

18 The communication device of claim 17 wherein said controller 
2 directs said transmitter to continuously transmit RF energy at said full rate 
power level irrespective of said variable rate only when said full rate power 
4 level exceeds a predetermined threshold. 

19. The communication device of claim 17 further comprising- 

2 a variable rate vocoder for encoding voice data at a full rate 

irrespective of said variable rate. 

20. The communication device of claim 17 wherein said controller 
2 has an input for receiving variable rate data, said controller for generating 

full rate frames of data comprising repeated versions of said variable rate 
4 data and wherein said transmitter transmits said full rate frames at said full 
rate power level. 

21. The communication device of claim 17 wherein said 
2 communication device nominally transmits non-full frames of data 

containing a variable number of bits in response to said variable rate and 
4 wherein said controller generates full frames of data containing a fixed 

number of bits irrespective of said variable rate and wherein said 
6 transmitter transmits said full frames of data at said full-rate power level. 

22. The communication device of claim 21 wherein said 
2 communication device nominally distributes said variable number of bits 

pseudo-randomly in said non-full frames of data, and wherein said full 
4 frames of data generated by said controller contain a variable number of 
paddmg bits having a predetermined pattern. 



2 



23. The communication device of claim 22 wherein said controller 
generates a reduced interference mode intention signal, and wherein said 
transmitter transmits said reduced interference mode intention signal to a 
4 base station associated with said communication device. 
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24. The communication device of claim 22 wherein each of said 
2 padding bits has a logical zero value. 

25. A base station in a communication system in which a plurality 
2 of communication devices nominally transmit data at a variable rate and 

which nominally vary transmit power in response to said variable rate, said 
4 base station comprising: 

means for directing a first of said plurality of communication devices 
6 to continuously transmit RF energy at a full rate power level irrespective of 
said variable rate, whereby interference is reduced proximate said first 
8 communication device due to continuous transmission thereby; and 

means for receiving said RF energy continuously transmitted by said 
10 first communication device. 

26. The base station of claim 25 further comprising means for 
2 determining whether one of said plurality of communication devices is 

continuously transmitting RF energy at a full rate power level irrespective 
4 of said variable rate. 

27. The base station of claim 26 wherein said means for 
2 determining examines a first N bits of signaling traffic of a frame 

transmitted by said one of said plurality of communication devices to 
4 determine whether said one of said plurality of communication devices is 
continuously transmitting RF energy. 

28. The base station of claim 27 wherein said means for 
2 determining determines that said one of said plurality of communication 

devices is continuously transmitting RF energy if said first N bits of 
4 signaling traffic matches a predetermined bit pattern. 

29. The base station of claim 27 wherein said predetermined bit 
2 pattern is all zero bits. 

30. A method for reducing interference generated by a first of a 
2 plurality of communication devices which nominally transmit data at a 

variable rate and which nominally vary transmit power in response to said 
4 variable rate, said method comprising the steps of: 

directing a first of said plurality of communication devices to 
6 continuously transmit RF energy at a full rate power level irrespective of 
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said variable rate, whereby interference is reduced proximate said first 
8 communication device due to continuous transmission thereby; and 

receiving said RF energy continuously transmitted by said first 
10 communication device. 



2 



31. The method of claim 30, further comprising the step of: 

determining whether one of said plurality of communication devices 

is continuously transmitting RF energy at a full rate power level irrespective 
4 of said variable rate. 

32. The method of claim 31 wherein said determining step further 
2 comprises the step of examining a first N bits of signaling traffic of a frame 

transmitted by said one of said plurality of communication devices to 
4 determine whether said one of said plurality of communication devices is 
continuously transmitting RF energy. 



2 



33. The method of claim 32 wherein said determining step further 
comprises the step of determining that said one of said plurality of 
communication devices is continuously transmitting RF energy if said first 

4 N bits of signaling traffic matches a predetermined bit pattern. 

34. The base station of claim 32 wherein said predetermined bit 
2 pattern is all zero bits. 
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